By the transection or crush of a peripheral nerve, distal axons undergo a fragmentation called Wallerian degeneration, which has many similar characteristics to axonal degeneration in toxin-induced degeneration or neurodegenerative diseases [3] . A spontaneous mouse strain with Wallerian degeneration-slow (Wld S ) mutation demonstrated the delayed Wallerian degeneration [11] . The related genes have recently been identified within the 85-kb genomic region that is tandemly triplicated in the Wld S mouse [2] . The gene for ubiquitin chain assembly factor E4B and a previously undescribed gene (D4cole1e) that encodes a nicotinamide mononucleotide adenylyltransferase1 (Nmnat1) span the proximal and distal boundaries of the repeat unit, respectively. A chimeric mRNA that encodes an in-frame fusion protein (Wld S protein) consisting of the amino-terminal 70 amino acids (N70) of E4B separated by an aspartic acid residue from the carboxyl-terminal 302 amino acids of Nmnat1 is abundant in the nervous system of Wld S mice [5] . Distal axons of neurons of wild-type mice transfected in situ with a vector encoding the chimeric Wld S protein survived for 2 weeks after axotomy, compared to the survival time of only 2~3 days in control animals, and Wld S expression also protected neuromuscular junctions from injury-induced degeneration. The Wld S protein is likely to localize predominantly in the nucleus of the neurons, suggesting that its protective action is indirect [12] . Moreover, it has been shown that Wallerian degeneration is independent of canonical apoptotic cascades.
Therefore, it may be regulated by unidentified axon specific system that is distinct from that of the cell body.
To date a number of studies have reported that the expression of Wld S dramatically delays axonal degeneration following axotomy as well as axonal loss in various neuropathic models, dysmyelination models, and toxin-induced neuropathies by taxol or vincristine [21, 22] For Immunoblot analysis, the cells were lysed in a solution containing 50 mM Tris-HCl (pH 7.4), 150 mM NaCl, 1% Nonidet P-40, leupeptin (10 μg/ml), 1 mM phenylmethylsulfonyl fluoride, 400 μM Na 3 VO 4 , 400 μM EDTA, 10 mM NaF, and 10 mM sodium pyrophosphate. Immunoblot analysis was performed with anti-FLAG mAb
(1 μg/ml; M2, Sigma), and then detected with horseradish peroxidase-conjugated antibodies to mouse immunoglobulin G (1:10,000 dilution, Promega) and an enhanced chemiluminescence system (ECL, GE Healthcare). The Neuro2A cell line known as a neuronal differentiation model in vitro, is morphologically amoeboid-like or neuron-like shapes with short spines without retinoic acid (Fig. 1A) . We performed the cell culture with all-trans retinoic acid for neurite elongation, and used vincristine as neurotoxin to inflict an injury on elongated neurites.
The culture with retinoic acid for 72 h caused the formation of neurite-like elongation on Neuro2A cells (Fig. 1B) . Further culture with retinoic acid and vincristine sustained vigorous damages on neurites, and the culture of 8 h with vincristine changed almost all cells to round-or amoeboid-like shapes (Fig. 1C) . Thus, the combination of retinoic acid and vincristine on Neuro2A cells was ascertained to be available for the axonal degeneration model in vitro.
A number of reports have indicated that the expression of Wld S noticeably delays axonal degeneration following axotomy as well as axonal injury by physical damages or toxin-induced neuropathy. However, it is still controversial which region is indeed significant to protect neurite degeneration, amino-terminal region of E4B, Nmnat1, or both. To clarify the contentious aspects, we generated Neuro2A cell lines, which stably overexpress FLAG-tagged Wld S , FLAG-tagged E4B, or FLAG-tagged
Nmnat1 by using retroviral expression system. To examine the expression of each proteins, Immunoblot analysis was performed using anti-FLAG antibody, indicating that each stable cell lines expressed the proteins introduced by retroviral expression system, and that the expression levels of exogenous proteins from each stable cell lines are almost same (Fig. 2) .
Next, each stable cell lines were cultured with retinoic acid for 72 h, and all the cell lines were susceptible to neuronal differentiation by retinoic acid (Fig. 3A, upper panels). After the induction of neurite elongation, cells were further cultured with vincristine for 8 h to determine the protective activities against toxin-induced neuropathy. The differences in the protective activities by vincristine were observed,
and Wld S overexpressing cell line showed protective activity against the neurite damages by vincristine, whereas other cell lines showed weak or none compared to Wld S overexpressing cell line (Fig. 3A lower panel) .
To further quantitatively verify the neurite-toxicity by vincristine, the number of cells that maintain its neurites was counted at the indicated points after the addition of vincristine (Fig. 3B) To date, it is still controversial which region of the Wld S sequence is required for axon protection and which kind of molecules are implicated. Nmnat1 has been reported to be sufficient for axon protection through the SIRT1 or through local NAD + synthesis in neurites [1, 20] . However, these results are contradictory with reports using transgenic mice that overexpress Nmnat1 [4] . [9, 10] . The analysis to clarify the relation between Wld S and these proteins still remains to be investigated.
The linkage between Wallerian degeneration and apoptotic pathways has not been reported. The Wld S gene is not likely to link to anti-apoptotic factors such as bcl-2
[16]. The activation of the apoptotic effector caspase 3 and products of caspase-mediated degradation are not detectable in injured axons, and caspase inhibition does not block Wallerian degeneration [8] . Wld S does not block apoptotic death of neuronal cells [6] . Hence, the identity of the functional linkage with Wld S gene or protein will be imperative in helping to elucidate the mechanism of Wallerian degeneration, and besides to discover unidentified cell maintenance system.
We have previously reported that E4B interacts with and regulates FEZ1
(fasciculation and elongation protein zeta 1), a protein implicated in neurite extension, indicating the potency of E4B in neuritogenesis [14] . In this case, carboxy-terminal U-box domain, but not an amino-terminal 70 animo acids sequence of E4B, is necessary for neuritogenesis. These findings may demonstrate that E4B has dual functional domains for the neurite elongation and for the protection from axonal degeneration.
Further functional analysis of Wld S at the molecular level would prove to provide therapeutic benefits not only for the suppression in axonal injury but also for neurodegenerative diseases. 
